Background and Purpose. Inflammation exists in inception, progression, and reperfusion of acute ischemic stroke. Insightful understanding of correlation in inflammatory mediators and stroke severity with intracranial artery stenosis may improve rational stroke therapy. Methods. We prospectively recruited 977 patients with acute noncardioembolic ischemic stroke with MCA stenosis by MRA as none to mild (<50%), moderate (50-69%), severe (70-99%), or occlusive (100%). The peripheral levels of WBC, homocysteine (HCY), and high sensitivity C-reactive protein (hs-CRP) were recorded. All patients were assessed of 1-year outcome by mRS as favorable (0-2) or poor (3-6). Results. The levels of WBC, HCY, and hs-CRP had no significant differences in patients with categorized MCA stenosis (all > 0.05). Higher levels of WBC, HCY, and hs-CRP were found in patients with 1-year poor outcome (all < 0.05), but only hs-CRP is an independent predictor (OR 1.06, 95% CI 1.027-1.093, = 0.0003). The combination of any two of increased hs-CRP (>3 mg/L), WBC (>6.91 × 10 9 /L), and HCY (>15 mol/L) had higher power in predicting 1-year poor outcome than the single elevated mediator. Conclusions. Elevated hs-CRP independently predicts 1-year poor outcome in acute stroke. The combination of increased hs-CRP, WBC, or HCY had a stronger predictive value in poor outcome than individual elevated mediator.
Introduction
Inflammation potentially contributes to destruction of cerebral tissue during the stage of acute ischemic stroke. Originally, inflammation acts as the fundamental part in the process of atherosclerosis [1] [2] [3] [4] which is the most common cause of ischemic stroke by arterial thrombosis or embolism. Subsequently, focal acute ischemia will trigger a series of inflammatory cascades which are different from atherosclerotic progression, causing more damage to ischemic cerebral tissues [5] . Moreover, even in the phase of ischemiareperfusion, inflammatory mediators are also implicated, which can result in further neuronal injury [6, 7] . Accordingly, inflammation exists in all stages of acute ischemic stroke, from its inception through the progression and the final salvageable brain tissues repairing.
The recognition of inflammation in acute ischemic stroke spawned the application of inflammatory biomarkers to extend the investigation on stroke pathogenesis and prognosis as well as improvement on clinical therapeutics, especially by the concentration of peripheral inflammatory markers because of the conveniently operational availability and repeatability. Raised levels of markers of the acute inflammatory response after stroke are associated with poor outcomes [8] . Extensive studies demonstrated that the peripheral levels of white blood cell (WBC) [9] [10] [11] , homocysteine (HCY) [12] [13] [14] [15] , and C-reactive protein [14, [16] [17] [18] strongly correlate with stroke severity and independently predict mortality and stroke recurrence in acute ischemic stroke patients. However, the effect of these biomarkers on intracranial stenosis is unsubstantial, despite significant attribution of 2 Mediators of Inflammation intracranial stenoocclusion to stroke severity. In addition, as a complicated process, inflammation usually involves multiple mediators, but the cooperative actions of these markers in acute ischemic stroke remained uncertain.
A better understanding of the significance of inflammatory mediators in intracranial stenosis and stroke severity in acute ischemic stroke would assist in the advanced therapeutic strategies. The aim of the present study was to clarify the contribution of inflammatory mediator level, including WBC, HCY, and high sensitivity C-reactive protein (hs-CRP), to categorized middle cerebral artery (MCA) stenosis as well as stroke severity by means of 1-year modified Rankin Scale (mRS).
Methods

Study Design and Participants.
Institutional review board of Beijing Tiantan Hospital approved the study, and each participant provided an informed consent. From October 2007 to June 2009, we approached consecutive adult patients who presented with acute ischemic stroke or transient ischemic attack (TIA) with symptom onset within 7 days. We excluded the patients with atrial fibrillation or mRS > 2 before admission. We also excluded the patients who were clinically unstable or required close monitoring or were moribund, as well as physically or subjectively unable to comply with magnetic resonance examination or had severe comorbidity.
We recorded participants' demographics and risk factors (history of previous stroke, hypertension, diabetes mellitus (DM), hyperlipidemia, concurrent smoking, moderate-toheavy drinking, and ischemic heart disease). Each patient underwent magnetic resonance imaging (MRI) and threedimensional time of flight magnetic resonance angiography (3D TOF MRA) for the cerebral circulation. All patients underwent detailed clinical evaluation, for example, laboratory tests, National Institute of Health Stroke Scale (NIHSS) scores on admission or at discharge.
Imaging Evaluation.
All patients underwent conventional MRI and MRA on a 3.0 T magnetic resonance scanner. Two stroke neurologists blind to subjects' clinical information reviewed the images. Disagreements of greater than 10% were further reviewed by a third reader who decided the final value.
Stenosis of MCA (M1/M2) was measured by WASID criteria [19] with Wiha DigiMax Digital Calipers 6 (Germany) with a resolution of 0.01-0.03 mm for 0-100 mm and was classified as none or mild (<50%), moderate (50-69%), severe (70-99%), and occlusive (100%). If two or more stenoses were revealed, the stenotic severity of MCA would be identified by the most severe segment.
Follow-Up.
All patients were assessed at 1 year after disease onset for clinical outcome by mRS (favorable (mRS = 1-2), poor (mRS = 3-6)) and recurrent stroke. Stroke recurrence was defined as functional deterioration in neurological status or a new sudden focal neurological deficit of vascular origin lasting more than 24 h, including recurrent ischemia or hemorrhage. Trained research personnel followed up patients over the telephone, using standard scripts to collect study data at the follow-up center. All analyses were done with SAS software version 9.1 (SAS Institute Inc., Cary, NC, USA). For all tests, statistical significance was considered at the two-sided 5% level.
Statistical
Results
From October 2007 to June 2009, a total of 1101 patients with acute ischemic stroke were admitted and 977 patients met the inclusion criteria. The clinical features of the patients are summarized in Table 1 . The mean age was 59.97 ± 11.28 years, and 73.29% of the patients were men. The peripheral levels of inflammatory mediators were expressed by mean WBC (6.91 ± 1.96 × 10 9 /L), HCY (17.74 ± 7.37 m mo/L), and median hs-CRP (2.6 mg/L, IQR (0.9-8.2)). Table 2 presented patients' characteristics and inflammatory mediators by categorized MCA stenosis. In terms of peripheral level of inflammatory mediators, no significant differences were found between these four groups. The multivariate logistic regression analysis showed that none of these mediators predicted MCA stenoocclusion (not shown in table) .
Of all the 977 patients, 952 completed 1-year follow-up and 25 cases (nearly 2.6%) were lost because of unable to contact. Patients with poor outcome had more MCA stenosis of ≥70% (13.71% versus 8.52%), more recurrent stroke (6.45% versus 2.27%), and higher levels of WBC, HCY, and hs-CRP. The variables with a value < 0.10 were included in the stepwise multivariate regression analysis. In terms of inflammatory mediators, only hs-CRP was an independent predictive factor (OR 1.06, 95% CI 1.027-1.093, = 0.0003). We performed multivariate analyses with hs-CRP (<1 mg/L, 1-3 mg/L and >3 mg/L), HCY (≤15 mol/L and >15 mol/L), and WBC (expressed by mean value, ≤6.91 × 10 9 /L and >6.91 × 10 9 /L) as categorical variable (not shown in table) and got the same results as shown in Table 3 .
We assessed the correlation of increased hs-CRP combined with elevated HCY or WBC with 1-year mRS. The patients were divided into three groups according to hs-CRP level (<1 mg/L, 1-3 mg/L and >3 mg/L). Furthermore, based on different combinations of peripheral HCY levels (≤15 mol/L and >15 mol/L) or WBC concentration (expressed by mean value, ≤6.91 × 10 9 /L and >6.91 × 10 9 /L), the patients were divided into 6 groups ( 
Discussion
In this hospital-based, prospective, cohort study, we found three major contributions of inflammatory mediators to acute ischemic stroke. First, the peripheral levels of WBC, HCY and hs-CRP were comparable in patients with categorized MCA stenoocclusion. Second, patients with 1-year poor outcome had higher levels of WBC, HCY, and hs-CRP, but only hs-CRP is an independent predictor for unfavorable outcome. Third, the combination of any two of the increased hs-CRP, WBC, or HCY would have a stronger predictive value in poor outcome than individual elevated mediator.
Atherosclerosis is attributed to inflammation [1] [2] [3] [4] and is commonly manifested as intracranial stenosis [20] , so that it is necessary to investigate the potential interaction of inflammation with arterial stenosis. According to the first contribution described earlier, the inflammatory marker level did not parallel MCA stenotic severity which suggested a negative prognostic impact of inflammatory mediators on MCA stenosis. There may be several reasons underlying the negative correlation. Atherosclerosis, as a complex and systemic disease, may unequally induce intracranial stenosis [20] , as well as the limitation of particular inflammatory mediator in describing atherosclerosis [2] . Moreover, history of previous stroke implied the usage of medicines for stroke prevention. We found that patients with MCA severe stenosis had the higher frequency accompanied with relative lower inflammatory mediator level, suggesting the possible effects of medicines for stroke prevention in biomarker level. Consistently, studies reported that medicines for stroke prevention may decrease inflammatory mediator, for example, aspirin [21, 22] , clopidogrel [23] , statins [24] , folic acid [25] , and vitamins B6 and B12 [25] . Accordingly, regardless of the fluctuated level of peripheral inflammatory markers, comprehensive information of interaction of inflammation with intracranial stenosis may be more critical by targeting patients with first-ever stroke.
By the second finding mentioned above, an increase of admission hs-CRP independently predicts 1-year poor outcome in acute ischemic stroke, which was consistent with prior studies [26, 27] . These results suggested the potential benefit of neuroprotective therapeutics by anti-inflammation in acute ischemic stroke. Unfortunately, secondary prevention of cardiovascular disease by neuroprotection against adverse clinical outcomes was still uncertain [25, 28, 29] . Interestingly, we found the predictive value of increased PLT level in 1-year poor outcome of acute ischemic stroke. As known to us, circulating platelet mass (PLT count × mean platelet volume (MPV)) is normally kept constant [30] , and prior reports indicated predictive value of high MPV in ischemic stroke [31, 32] . These pieces of information implied reasonable possibility of decrease instead of increase of PLT level in patients with poor outcome. For the inconsistency, further information by dynamic monitoring of PLT level in ischemic stroke is necessary. In recent years, inflammatory mediators have been individually investigated intensively in patients with ischemic stroke. However, there has been little attention given to the cooperative role of these markers. Based on the third contribution, we observed the cooperative impact of increased WBC, HCY, and hs-CRP on clinical outcome by stronger association of any two increased mediators, instead of individual elevated mediator, with 1-year poor outcome. One possible reason was that, in the complex process of inflammation, multiple mediators may be dependent on inflammationrelated mechanisms in the course of acute cerebral ischemia, which was described in a prior study by small sample size [33] . In the treatment strategy of cerebrovascular disease, whether lowering the mediator level reduces the risk of cardiovascular events was controversial [25, 28] . Based on the observation of the superimposed effect of inflammatory markers, we suspected that detection and intervention of multiple inflammatory markers might have greater significance than single one in stroke mechanism and treatment formulation in neuroprotection. However, there was no standard for the prespecified targets in inflammatory mediators according to current guidelines in stroke prevention, which suggested that further study should be conducted for detailed information on cooperative inflammatory impact on ischemic stroke.
We had a few limitations in this study. First, we used 3D TOF MRA to evaluate MCA stenosis. Although MRA is not the gold standard for assessing intracranial stenosis, hierarchical evaluation instead of detailed value of stenotic severity improved the measuring accuracy to some extent. Second, functional outcome might be associated with not only MCA but also with other intracranial large arteries stenosis, which possibly generated an analysis bias. Third, because of the fluctuant levels of inflammatory markers, one-time examination of plasma level might confound the mediator concentration. Finally, medicines given to patients for stroke prevention might affect inflammatory mediator level and disturb the analysis of the inflammatory impact on MCA stenosis.
Conclusion
The prognostic value of increased hs-CRP, especially the combination of increased inflammatory markers in predicting 1-year poor outcome in acute ischemic stroke, might provide insight information into stroke mechanism and treatment strategy, particularly in neuroprotection, for acute ischemic stroke.
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